The group-specific component (Gc) is e plasma protein that binds vitamin D. Recent characterization of human Gc cDNA demonstrated homology with serum albumin and a-fetoprotein. This study compares the sequences of the three proteins and demonstrates a strong evolutionary relationship.
MATERIALS AND METHODS

Materials
Restriction endonucleases, polymerases, radiolabeled compounds and other reagents utilized in these experiments have been specified previously (10) .
Analysis of Sequence Hooology
Homologies in a-fetoprotein, albumin and Gc were observed after aligning their amino acid sequences according to the positions of homologous double diaulfide bonds (11) Homology of nucleotide sequences in the three domains of Gc was evaluated by calculation of "accident probability," Pa, the probability that a homology equal to, or greater than, that being considered might arise accidentally (12) . A homology observed, within a block comparing two sequences of over 100 nucleotides each, with a Pa of <7X10~ was considered significant.
Prediction of Secondary Structure froa the Deduced Amino Acid Sequence
The procedures of Chou and Fasman (13, 14) were used to predict the secondary structure of human Gc, albumin, and a-fetoprotein.
Preparation of Probes
The probe used to identify the Gc genomic DNA clones was prepared from clone Gc2p isolated by Yang et al. (9) . Clone Gc2p contains the cDNA encoding the entire Gc2 sequence. Plasmid DNA from clone Gc2p was digested with Petl restriction endonuclease and separated by agarose gel electrophoresis. The 1.8 kbp insert fragment was isolated by electroelution. The fragment was then labeled with a s2 pdCTP by using oligonucleotides as primers following the procedure of Feinberg and Vogelstein (15) .
Southern Blot Analysis of DBA Polymorphisms
High molecular weight DNAs were Isolated from human lymphocyte nuclei by the method of Bell et al. (16) . Filter hybridization of lymphocyte DNA with human Gc cDNA was carried out at 42°C in 50Z formamide, 5X SSPE, 10Z dextran sulfate, 5X Denhart's solution and 0.1Z SDS. Filters were washed with 2X SSC at room temperature followed by washing with 0.1X SSC plus 0.1Z SDS at 55°C.
RESULTS AND DISCDSSIOH
The deduced sequence of human Gc had demonstrated strong homology with a-fetoprotein and albumin (9) , especially in the distribution of double disulfide bonds characteristic of these proteins. The role of the double disulfide bonds in forming the loops in each of the homologous three domains of albumin was first demonstrated by Brown (11) .
The homology existing in the amino acid sequences of Gc, albumin and a-fetoprotein is presented in Figure 1 . After the amino acid sequences are aligned according to the double disulfide bonds, 11 gaps in Gc's sequence and 6 gaps in both the a-fetoprotein and albumin amino acid sequences were introduced to maximize homology. The amino acid sequences of Gc and albumin were 23Z identical; Gc and a-fetoprotein were 19Z identical. In this alignment, albumin and a-fetoprotein were 35Z identical.
Further confirmation of Gc's placement in the albumin family was gained using the computer program SEARCH. When a 27 residue segment of Gc, residues 80-106, chosen because of containment of the unique double disulfide bonding, was used to search the protein database, albumin and a-fetoproteln were identified as significant matches from among over 3000 proteins searched.
Using the program ALIGN, the amino acid sequence of Gc, including the leader, sequence, was aligned to portions of a-fetoprotein and albumin of comparable length. Residues -16 to 458 of Gc were aligned with residues -19 to 466 of a-fetoprotein to give an alignment score of 19.59 SD units and aligned with residues -18 to 461 of albumin for a score of 24.87 SD units. In general, an alignment score of >3 SD units may be considered statistically significant (17) . Thus, the Gc, a-fetoprotein and albumin alignments not only exceed the requirement for significance but also meet the definition proposed by Doolittle (18) for grouping of protein families.
The leader and N-terminal sequences of Gc, albumin and a-fetoprotein were found to be highly similar irrespective of where the N-terminal sites occurred in the three homologous proteins. (22) its third domain was missing a carboxy-terminal sequence contained by albumin and a-fetoprotein (9) . Intragenic homology of Gc was also analyzed using the ALIGN program. Domain I (residues 1-192) aligned with Domain II (residues 193-378) produced a score of 11.61 SD units. Portions of domains I (residues 1-79) and II (residues 193-269) were compared to Gc's partial domain III (residues 379-458) to give scores of 5.25 SD and 6.18 SD units, respectively. Alignment scores for the domains indicated a high probability of a common ancestor.
The relative age of the Go gene is difficult to estimate. Homology data indicated that albumin and a-fetoprotein evolved from an ancestral gene that was produced by an intragenic triplication 300-500 million years ago (19) . Two lines of evidence suggest that the Go gene is older than the other two members of the albumin family. Albumin and a-fetoprotein are more similar to each other than either is to Gc, indicating that the gene duplications producing them may have occurred more recently. Furthermore, Gc, alone, contains four half-cystine residues at positions 13, 58, 59 and 67 that are capable of forming the double disulfide bond predicted by Brown (11) to have occurred in the first domain of the triplicated ancestral gene (9) . Whether or not the partial loss of Gc's third domain is a recent evolutionary event must await further studies of the Gc gene in other species.
When the cDNA sequences (9) of the three Gc domains were compared by statistical analysis to identify regions of extensive internal nucleotide sequence identity (12), 3 paired sequences, designated as homology blocks I, II and III in Table 1 , demonstrated homologous regions of at least 100 base -4 pairs long and with a Pa of 7X10 or less. The 3 pairs of homologous sequences define the Internal alignment, shown in Figure 4 . Therefore, the Gc sequence can be divided into three segments that correspond to the three domains described in human albumin by Brown (11) . This alignment places all of the Cys residues in phase. When the amino acid sequences within each Gc2 and a-fetoprotein each have one potential N-glycosylation site in their second domains while albumin has none (22) . The potential glycosylation site in Gc2 occurs at residues 272-274 (Asn-Leu-Ser) (9) . Previous studies (3) (4) (5) demonstrated that Gel, but not Gc2, has an O-glycosylation site within the sequence of residues 412-424, probably at the Thr residue at position 420 (4, 9) . Residue 420 is occupied by Lys in Gc2 (9).
Utilization of Gc cDNA has also led to the identification of its genomic 
